cue to reduce this performance decrement suggests that attention can reduce resolution differences between the fovea and the periphery.
We have performed a crucial test of the resolution hypothesis by exploring the effects of transient attention on a texture segregation task in which performance is diminished by heightened resolution (Yeshurun & Carrasco, 1998) . If attention enhances resolution, performance at the attended location should be impaired rather than improved. The texture segregation task involves the detection of a texture target embedded in a background of an orthogonal orientation (Figure 1 ). Observers' performance in this task does not peak when the target is presented at foveal locations, where resolution is highest. Instead, performance peaks at mid-peripheral locations, and drops as the target appears at more central or farther peripheral locations. The finding that in this texture segregation task performance drops at central locations -central performance drop-is attributed to a mismatch between the average size of spatial filters at the fovea and the scale of the texture (e.g., Gurnsey, Pearson & Day, 1996 ; Kehrer, 1997) . There is ample evidence that we process visual stimuli by means of parallel spatial filters. These are low-level analyzers tuned to a specific band of spatial frequency and orientation (e.g., DeValois & DeValois, 1988; Graham, 1989; Phillips & Wilson, 1984) . The size of these filters at the fovea is too small for the scale of the texture, resulting in spatial resolution that is too high for the task. At more peripheral regions, the filters' average size increases gradually, and is presumably optimal around the peak of performance. At farther locations, the filters are too big and their low resolution limits performance (e.g., Gurnsey et al., 1996; Joffe & Scialfa, 1995; Kehrer, 1989 Kehrer, , 1997 Potechin & Gurnsey 2003) .
Attention, resolution and cue size -P512 5 We hypothesized that if attention enhances spatial resolution, attending to the target location should enhance performance in the periphery, where resolution is too low, but should impair performance at the fovea, where resolution is already too high for the task. To test this prediction we combined peripheral cues with the texture segregation task (Yeshurun & Carrasco, 1998) . On the cued trials a small peripheral cue (≤ 1º) indicated the target location prior to its appearance, inducing observers to focus their transient attention on the target location without having time to move their eyes to that location. Such a peripheral cue is considered to capture attention in a stimulus-driven, "automatic" manner (e.g., Jonides, 1981; Müller & Rabbitt, 1989; Posner, 1980; Yantis, 1996) . On the rest of the trials a pair of lines, appearing above and below the entire display, indicated that the target was equally likely to appear at any location. As we expected, accuracy was higher when the observers could focus their attention on peripheral target locations, but when the target appeared at central locations the peripheral cue lowered performance. Hence, attending to the target location improved performance at peripheral locations, where resolution was too low for the scale of the texture, but impaired performance at central locations, where resolution was already too high, resulting in a central attentional impairment. It is worth noting that this counterintuitive impairment is not predicted by any model of attention based on external noise reduction, reduction of spatial uncertainty, or decision-making processes; all these models would predict attentional benefit at all locations. Thus, this finding sheds light on the nature of the attentional mechanism by lending strong support to the hypothesis that attention enhances spatial resolution at the attended location (Yeshurun & Carrasco, 1998) . To further probe this resolution hypothesis, we enlarged the scale of the texture. Consistent with previous findings (Gurnsey et al., 1996; Joffe & Scialfa, 1995) , increasing the texture scale moved the performance peak to farther eccentricities. Moreover, the central attentional impairment changed as a function of texture scale; performance was impaired in a larger range of central retinal locations as the scale of the texture increased. That is, for the same target eccentricity, we found either an attentional improvement or impairment depending on the scale of the texture (Talgar & Carrasco, 2002;  Attention, resolution and cue size -P512 6 Yeshurun & Carrasco, 1998) . This finding rules out the possibility that attention is unable to enhance processing of foveal and parafoveal stimuli in this task.
Similar central attentional impairment has been obtained when the texture was presented along the vertical rather than horizontal meridian (Talgar & Carrasco, 2002) , when observers selectively adapt to different spatial frequencies before performing the texture segmentation task , and when the first-and second-order content of the textures was manipulated (Yeshurun & Carrasco, 2000) . These various experimental conditions demonstrate that these effects are robust and can be generalized to textures of different nature.
The findings that attention enhances resolution are consistent with neurophysiological studies suggesting that attention contracts the cell's receptive field around the attended stimulus (e.g., Desimone & Duncan, 1995; Luck, Chelazzi, Hillyard & Desimone, 1997; Moran & Desimone, 1985) . These studies have found that the neural response to a stimulus that normally elicits strong activity is greatly reduced when this "effective stimulus" is not attended, and a "non-effective stimulus" in the same receptive field is attended (see reviews by Reynolds & Desimone, 1999; Reynolds & Chelazzi, 2004) .
By enhancing resolution attention allows us to better resolve the various details in the environment. This would often be advantageous, because many of our everyday life tasks require heightened resolution. Yet when a more global assessment of the display is required, for example, when one is appreciating an impressionist painting, or when one is more interested in seeing the forest than in seeing the individual trees, enhancing resolution is not the optimal strategy (as evidenced by the central attentional impairment). Similarly, a highresolution analysis of the scene would not be optimal when information of high spatial resolution is not present in the visual scene, like when we have to navigate through the world under less than optimum atmospheric conditions (e.g., when it is foggy or hazy). In situations when heightened resolution is not optimal, can transient attention adapt its operation, enhancing or decreasing resolution to optimize performance? The purpose of this study is to investigate whether transient attention is functionally flexible and adaptable to the characteristics of the environment. We explored the possibility that the attentional effect on Attention, resolution and cue size -P512 7 spatial resolution depends on the scale of the attention-attracting information. Specifically, we ask whether a gradual increase in the size of the attentional cue would lead to a gradual resolution decrement.
The adaptability of visual attention has been studied extensively. Several studies have explored the ability of visual attention to shift between global and local structural levels of hierarchical stimuli. In most studies the attentional manipulation was accomplished by varying the expectations regarding the relevant level of analysis, and they suggest that attention can be allocated categorically to a structural level -global vs. local (e.g., Kinchla, Solis-Macias & Hoffman, 1983; Hübner, 2000; Lamb & Yund, 1996; Robertson et al., 1993; Shulman & Wilson, 1987; Ward, 1982) . Although some of these studies used attentional cues on a trial-by-trial basis (e.g., Hübner, 2000; Robertson et al., 1993) , these cues predicted its structural level, not the target location and therefore they did not manipulate spatial attention.
More relevant to our current goal are studies that did employ attentional cues that predict the target location but also varied the size of these cues and explored their differential effect on performance (e.g., Castiello & Umiltà, 1990; Eriksen & St. James, 1986; Eriksen & Yeh, 1985; LaBerge et al., 1991) . For instance, in a visual search task, Greenwood and Parasuraman (2004) used spatial cues of different sizes based on the assumption that larger cues will encourage a more diffused sustained attention allocation, and small cues encourage a more focused mode of sustained attention. They found that search reaction time was faster as the size of the cue decreased. However, when observers could not predict the size and location of the target, their performance was superior with large than with small cues. Based on these results, the authors conclude that attentional scaling is optimized for task demand, i.e., narrow for small targets, and broad when target size and location are unpredictable. Similarly, in an fMRI study of sustained attention, Müller et al. (2003) analyzed neural activity for target detection with a preceding central cue that indicated whether a small, medium, or large region had to be attended to. Their analysis demonstrated that as the size of the attended region increased, the extent of activated retinotopic visual cortex also increased. However, consistent with the idea of limited resources, the level of neural activity in a given sub-region decreased.
Attention, resolution and cue size -P512 8 The size of the attended region has also been manipulated with dual tasks. Goto, Toriu and Tanahashib (2001) measured contrast sensitivity functions while observers simultaneously performed an instantaneous judgment task, which was designed to control the size of the attended region. They found higher sensitivity for higher spatial frequencies (over 3 cpd) only under the narrowly attended region condition. Likewise, when the size of the attended region was manipulated using different dual tasks, vernier acuity increased when attention was narrowly focused on a foveal target, but not when it was broadly spread (Balz & Hock, 1997) , and a broad spread of attention affected self-organized motion patterns in a manner consistent with the activation of large filters (Hock, Balz & Smollon, 1998) .
These various studies are consistent with the idea that the larger the zoom lens, the lower its resolution (e.g., Ericksen, 1990) . Although these studies manipulated the more controlled, slower component of spatial attention -sustained attention-and notwithstanding the differences between sustained and transient attention with regard to perceptual effects (e.g., Ling & Carrasco, 2006) , temporal characteristics (e.g., Nakayama & Mackeben, 1989) , degree of automaticity (e.g., Yantis, 1996) , and neural mechanisms (e.g., Corbetta & Shulman, 2002; Rosen, 1999) , these findings suggest that manipulating the size of the attentional cues designed to attract transient attention may also have a differential effect on performance.
Specifically, small cues may lead to resolution enhancement and large cues to resolution decrement. To test this hypothesis, we employed two different attentional cues and systematically manipulated their size: In Experiment 1 a horizontal bar of different lengths appeared above the target region, and in Experiments 2 and 3, a frame of different sizes surrounded the target region. The largest cue surrounded the entire display and conveyed no information regarding the target location. This non-informative cue served as the comparison to which performance with smaller cues was compared. The cues were combined with a texture segmentation task similar to that used by Yeshurun and Carrasco (1998) ; it involves the detection of a texture orientation target appearing at various eccentricities in a background of an orthogonal orientation ( Figure 1 ). Were transient attention able to modulate its effect on spatial resolution as a function of the cue size, so that the larger the cue the lower the Attention, resolution and cue size -P512 9 resolution, then performance at central locations should gradually improve and performance at peripheral locations should gradually deteriorate as the cue size increases. Moreover, as cue size increases the eccentricity at which performance peaks should gradually shift to nearer eccentricities reflecting the gradual decrease in resolution, with the performance peak of the non-informative condition being at the nearest eccentricity (as it designates the largest areathe whole display). Alternatively, if transient attention does not alter its operation based on the size of the attentional cue, its effect on spatial resolution will not change in a gradual fashion with changes in cue size.
Experiment 1
To test the hypothesis that the effect of transient attention on spatial resolution will change as a function of cue size we employed a two interval forced-choice task (2IFC; Figure   1 ). A trial consists of two temporal intervals, each containing a texture display preceded by a cue. The texture target appeared equally often in each temporal interval and at one of several possible eccentricities within the texture-background. On the informative trials the cue was a horizontal bar of a certain size indicating the onset of the upcoming texture and the region of texture in which the target may appear. On the non-informative trials, the cue did not convey information regarding the target location. The observers were instructed to report whether the target-texture was present in the first or the second interval. This 2IFC task ensures that attention-related response biases are avoided; the cue indicated that if the target is present it could only appear within the cued region (100% valid cue), but it did not signal which one of the two intervals is more likely to contain the target because both displays in a trial are preceded by a cue.
Method
Observers: Twenty-two undergraduate students from the University of Haifa participated as observers in this experiment; all had normal or corrected to normal vision, and were naive as to the purpose of the study.
Stimuli & Apparatus: The stimuli were presented using PsyScope™ (Cohen, Attention, resolution and cue size -P512 10 MacWhinney, Flatt & Provost, 1993) on a 21" monitor of a PowerMac G4 computer (resolution: 1280x1024, 85Hz). The texture display was presented on a white screen (87 cd/m 2 ) and it included a 2x2º target-texture composed of 3x3 black lines (each subtending 0.1x0.7º, oriented at 45 or 135°) embedded in a 5x28º background-texture composed of 287 black lines (7 rows x 41 columns) whose orientation was orthogonal to that of the target. The target was centered at one of 15 possible locations along the horizontal meridian, corresponding to 7 eccentricities (one at the center and 6 to each side of fixation: 0º, 0.7º, 1.5º, 3º, 5º, 7.5º, 11.5º), and appeared equally often at each eccentricity. The mask-texture was composed of 287 black 'X' elements Procedure: Each temporal interval of the 2IFC task began with a 1000-ms central fixation dot (Figure 1 ), which was followed by a 47-ms cue and a 47-ms inter-stimulus-interval (ISI). Two-thirds or three-fourths of the total trials (cues of size 1-6 or 9-15, respectively) were informative trials. On these trials, in the interval containing the target, the cue appeared above the texture region that included the target patch. Cue sizes 1 & 3 indicated the target location with 100% certainty. With cue sizes 6 to15, the exact location of the target within the cued region was chosen randomly to prevent narrow focusing of attention on an expected location.
Thus, the larger the cue the greater the degree of uncertainty, though the degree of uncertainty involved with the non-informative cue was always higher (e.g., with the non-informative cue the target may appear anywhere within the entire display -41 texture columns, whereas with the largest informative cue -cue size 15-the target may appear within 15 texture columns -only about a third of the entire display). In the interval without a target, the cue appeared above a randomly chosen texture region. On the remaining trials (the non-informative trials) a noninformative cue indicated, in both intervals, that the target had equal probability of appearing at Attention, resolution and cue size -P512 11 any of the possible locations. The durations of the cue and ISI were chosen to ensure that the time between cue onset and texture onset was optimal for transient attention to focus on the cued region (e.g., Cheal & Lyon, 1992; Nakayama & Mackeben, 1989) . After the ISI, the texture was displayed for an average of 41-ms. The duration of the texture presentation was set individually to avoid floor or ceiling effects, but did not exceed 82-ms to ensure that eye movements could not take place between cue onset and texture offset (e.g., Mayfrank, Kimmig & Fischer, 1987) . Immediately following the texture, a 200-ms mask was presented. The cues of different sizes were blocked so that each experimental block included two types of cues: an attentional, informative cue of a specific size and a non-informative cue. Each observer performed some practice trials (100-160) and 1120 experimental trials divided into 5 blocks.
The order of trials within a block and the order of blocks within the experiment were randomized.
Results and Discussion
To test whether the effect of cue type (informative vs. non-informative) varied as a function of cue size and target eccentricity the data were subjected to a within-observers 3-way ANOVA (cue type x cue size x target eccentricity). A marginally significant 3-way interaction
[F(24, 504) = 1.44, p < 0.067] indicates that a differential attentional effect was found for the different cue sizes, which is clearer by inspecting separately the data of the different cue sizes ( Figure 2) . As in several studies examining texture segregation across eccentricity (e.g., Joffe & Scialfa, 1995; Kehrer, 1989; Yeshurun & Carrasco, 1998 , 2000 , the data were fitted to secondorder polynomials for the non-informative and informative conditions of each cue size. Given that the non-informative trials of the different experimental blocks were identical, that there were less non-informative trials than informative trials per block, and that there was no significant statistical difference between non-informative trials blocked with different cue sizes, we combined data of all non-informative trials across block conditions. The data were further analyzed with a within-observers 2-way ANOVA (cue type x target eccentricity) performed separately for each cue size. As is evident in Figure 2 , we replicated our previous finding: a In addition, we tested whether large cues gradually shift the performance peak to nearer eccentricities, with the performance peak of the non-informative condition being at the nearest eccentricity. To that end we estimated (via second-order polynomials) the eccentricity at which performance peaks for the three large cues conditions (i.e., cue size 6, 9 and 15, in which the informative cue is larger than the size of the target) and for the non-informative condition (see Table 1 ). As can be seen, there is no consistent difference in the peak eccentricity of the different cues, including the non-informative cue.
In summary, as is the case with sustained attention (e.g., Castiello & Umiltà, 1990; Eriksen & St. James, 1986; Goto, Toriu & Tanahashib, 2001; Greenwood & Parasuraman, 2004; Hock, Balz & Smollon, 1998; LaBerge et al., 1991; Müller et al., 2003) , a differential effect was found for the different cue sizes, but in the current experiment it mainly reflects an attentional effect for the small cue sizes (1, 3) and no effect for larger cues (6 -15). There was no gradual change in performance with increasing cue size. These findings indicate that in this texture segmentation task, transient attention exerts its effects on spatial resolution only when it is directed to a small region by a small cue. There is no evidence that transient attention can flexibly lower resolution when it is attracted to a broader spatial region by large cues.
Alternatively, the pattern of results may be due to the specific attentional cue used in this Attention, resolution and cue size -P512 13 experiment -a single bar above the target region. The advantage of employing this cue is that the smallest bar (cue size 1) is identical to the attentional cue that yields an attentional effect on spatial resolution (e.g., Carrasco et al., 2006; Talgar & Carrasco, 2002; Yeshurun & Carrasco, 1998) , thus allowing a direct comparison of current and previous findings. However, the single bar might not have led to a resolution decrement because it may not successfully encourage observes to utilize the information mediated by the larger cues. Experiment 2 tested whether a different pattern of results would emerge with attentional cues that have been successfully employed to demonstrate a differential attentional effect on search performance as a function of cue size (e.g., Greenwood & Parasuraman, 2004) .
Experiment 2: Spatial characteristics of the attentional cue
Like Experiment 1, this experiment also tested the hypothesis that the size of the attentional cue can differentially affect spatial resolution at the attended location, but with a different attentional cue. The texture display was similar to that of Experiment 1, but the attentional cue was composed of a frame presented around the to-be-attended area. Greenwood and Parasuraman (2004) employed similar frames as attentional cues, and were able to successfully demonstrate a differential attentional effect on search performance based on the frame size. Hence, if large attentional cues lead to resolution decrement rather than enhancement, large frame-cues should improve performance at central locations and hinder performance at more peripheral locations. Alternatively, were the findings of Experiment 1 not specific to the cues employed, attentional effects on spatial resolution would only be found with small frame-cues, and we could conclude that transient attention cannot adapt its operation on spatial resolution based on the scale of the cue.
Method
Observers: Twenty-four undergraduate students from the University of Haifa, who did not participate in Experiment 1, participated in this experiment; all had normal or corrected to normal vision and were naive as to the purpose of the study. Procedure: The procedure was identical to that of Experiment 1 apart from the following:
in each block, half of the trials were preceded by a cue of a specific size and half were preceded by a non-informative cue. Each observer performed 100 -160 practice trials and 1680 experimental trials divided into 5 blocks.
Results and Discussion
As in the previous experiment, the data were subjected to a within-observers 3-way ANOVA (cue type x cue size x target eccentricity) that revealed a significant 3-way interaction [F(24, 552) = 1.65, p < 0.05]. For each cue size, the accuracy data were fitted to second-order polynomials for the non-informative and informative conditions (Figure 3 ). Because in this experiment the number of informative and non-informative trials was the same, there was no need to combine data across block conditions. The data were further subjected to a withinobservers 2-way ANOVA (cue type x target eccentricity) for each cue size. was no consistent difference between the different cues in the eccentricity at which performance peaks, including the non-informative cue (Table 1) . In sum, an attentional effect on spatial resolution was only found with small frame cues. There was no effect on resolution even with large frame cues that have been used with sustained attention (e.g., Greenwood & Parasuraman, 2004) . These findings indicate that observers were not able to adjust the operation of transient attention in accordance with cue size. In Experiment 3 we test whether a longer ISI between the cue and texture enables transient attention to be more adaptable.
Experiment 3: Temporal characteristics of the attentional cue
Given that the time between cue onset and texture onset used in Experiments 1 & 2 was derived from previous estimates of transient attentional shifts, it was presumably optimal for transient attention to focus on the cued region (e.g., Bergen & Julesz, 1983; Nakayama & Mackeben, 1989; Saarinen & Julesz, 1991; Sagi & Julesz, 1987; Tsal, 1983) . Nevertheless, to ensure that the interval between the cue and the texture was not too short for transient attention to optimally adjust its operation on spatial resolution, in the present experiment we doubled the length of this interval such that the cue would still be effective (Cheal & Lyon, 1992; Nakayama & Mackeben, 1989) and eye movements could not take place (Mayfrank et al., 1987) .
Method
Observers: Thirty undergraduate students from the University of Haifa, who did not participate in the previous experiments, participated in this experiment; all had normal or corrected to normal vision and were naive as to the purpose of the study.
Stimuli, Apparatus & Procedure: The stimuli, apparatus, and procedure were identical to Experiment 2 except that the length of the ISI between the cue and texture was doubled to 94-ms.
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Results and Discussion
As in previous experiments, the data were subjected to a within-observers 3-way ANOVA (cue type x cue size x target eccentricity) that revealed a significant 3-way interaction [F(24, 696) = 2.02, p < 0.005]. The accuracy data of each cue size were fitted to second-order polynomials (Figure 4) , and a within-observers 2-way ANOVA (cue type x target eccentricity) was performed separately for each cue size. Similar to Experiment 1 and 2 and to our previous findings (Yeshurun & Carrasco, 1998) , a significant cue type x target eccentricity interaction emerged for the smallest attentional cue; attention degraded performance at central locations and improved it at peripheral locations [F(6, 174) = 4.65, p < 0.0001]. These findings suggest that the attentional effects on texture segmentation are robust and can be extended to a considerably longer cue-target ISI. A significant interaction also emerged for cue size 6 [F(6, 174) = 5.76, p < 0.0001]. The explanation for this interaction with cue size 6 is not clear, and it was not replicated in the other two experiments. There was no significant interaction with any other cue size. Thus, although occasionally such a cue type x target eccentricity interaction is also found with cue sizes larger than 1 (i.e., cue size 9 in Experiment 1 and Cue size 6 in this experiment), the only consistent interaction found across experiments was the interaction with the smallest cue size. Most importantly, as clearly evident in Figure 4 and Table 1 , the pattern of attentional effect on texture segmentation did not change gradually with large cues, even though the cue-target ISI was twice as long than in previous experiments. The analysis of correct RT data confirmed that there were no speed-accuracy tradeoffs.
In summary, even when a longer time is available for the observers to deploy transient attention over larger areas, no evidence was found of lowered spatial resolution with large attentional cues. This result seems consistent with a previous visual search study showing that doubling the ISI (from 60 to 120 ms) between the cue and the display did not yield a larger attentional benefit (Carrasco & Yeshurun, 1998 ; Experiment 4).
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General Discussion
The goal of this study was to investigate the adaptability of transient attention regarding spatial resolution: Can the size of the attentional cue modulate the effect of transient attention on spatial resolution? The attentional cues we used were bars of different lengths in Experiment 1, and frames of different sizes in Experiments 2-3. The findings consistently replicated the attentional enhancement of spatial resolution reported previously with a small cue and a similar texture segmentation task Talgar & Carrasco, 2002; Yeshurun & Carrasco, 1998) , but there was no evidence of gradual resolution decrement with large cues. This was the case even when the cue-target ISI was doubled, to ensure enough available time for transient attention to adapt its operation based on cue size (Experiment 3).
Moreover, even if we only compare performance in the conditions in which cue size was larger than the target (i.e., cue sizes 6-15), there is no evidence of resolution decrement with large cues. Had resolution gradually decreased as cue size gradually increased from 6 to 15 (i.e., cue sizes that are larger than the target), the eccentricity at which performance peaks would have gradually shifted to nearer eccentricities. However, as is evident in Table 1 , there is no consistent difference in the peak eccentricity of these different cues. In fact, in all three experiments performance with cue sizes 6-15 and the non-informative cue peaks around 6º of eccentricity which is in line with previous studies that examined the central performance drop with textures of similar scale to the one we employed here but with no manipulation of spatial attention (e.g., Joffe & Scialfa, 1995; Kehrer, 1989) .
The finding that transient attention does not modulate its effect on spatial resolution based on the size of the attentional cue might be due to the more automatic nature of transient attention. A growing body of evidence demonstrates that transient attention is activated in a fast, automatic manner, and most likely operates at a relatively early stage of visual cortical processing (e.g., Cheal & Lyon, 1991; Jonides, 1981; Müller & Rabbitt, 1989; Nakayama & Mackeben, 1989; Posner, 1980; Remington, Johnston & Yantis, 1992) . For instance, in an orientation discrimination task, observers' contrast sensitivity is altered even when the validity of the transient cue was only 50%, and the display consists of two Gabor patches. Despite the Attention, resolution and cue size -P512 18 fact that observers were told that the cue indicates the target location on only 50% of the trials and provides no information regarding the target orientation, and despite the simplicity of the display, the cue increases sensitivity at the cued location and impairs it at the uncued location, as compared to the central cue which does not indicate any location (Carrasco, Ling & Read, 2004; Pestilli & Carrasco, 2005) .
Moreover, the respective automaticity and flexibility of exogenous and endogenous cues has been evaluated using a response-signal speed-accuracy trade-off (SAT) procedure. The results indicate that with endogenous cues, the observed attentional effects increased with cue validity. However, with exogenous cues, the attentional effects in both discriminability and processing speed were comparable across the range of cue validities. These results provide compelling time-course evidence that transient attention is automatic (Giordano, McElree, Carrasco, 2004) .
Like the present study, the studies just discussed illustrate the lack of flexibility of transient attention. That is, they all exemplify cases in which granting priority to the information at the attended location over the information at other locations does not necessarily result in optimal performance. The fact that transient attention is fast and does not require conscious processing allows us to deal successfully with unexpected events occurring outside the focus of our conscious interest. This could be crucial for our survival. Still, the current findings suggest that the 'price' we have to pay for the fast and automatic nature of transient attention is that it is a more rigid mechanism that cannot flexibly operate in both directions -resolution enhancement and decrement-at least not as a function of the scale of the attention-attracting information.
We are currently investigating whether manipulating other aspects of the visual display will enable a more flexible way in which transient attention affects perception, and whether the more controlled sustained attention is a more flexible mechanism that can either increase or decrease spatial resolution.
Interestingly, in Experiments 1, 2 and 4, an attentional benefit emerged for cue size 3.
This benefit, most likely, stems from the fact that the width of cue size 3 matches the width of Attention, resolution and cue size -P512 19 the target, but at this time we can only speculate regarding the specific mechanism underlying this benefit. Perhaps when the cue equals the target size attention is drawn to the borders between the target and background, facilitating segregation regardless of the spatial resolution at the target eccentricity. Further research is required to understand the processes underlying this benefit. For instance, a simultaneous manipulation of the size of the target and cue and manipulation of the degree of uncertainty regarding the size of the target might help us better understand the source of this attentional benefit.
Finally, consistent attentional effects were found only with cue size 1 and 3 in which there was no spatial uncertainty regarding the target location. Some authors have attributed attentional effects to the fact that a cue reduces spatial uncertainty. They suggest that the attentional precue allows observers to monitor only the relevant location instead of all possible ones, leading to a reduction of the statistical noise introduced at the irrelevant locations (e.g. Davis, Kramer & Graham, 1983; Eckstein, 1998; Foley & Schwartz, 1998; Kinchla, 1980; Palmer, 1994; Shaw, 1984; Solomon, Lavie & Morgan, 1997; Sperling & Dosher, 1986) . Indeed, this factor plays an important role in many tasks, and should be used as a benchmark against which to compare attentional effects. However, it has been shown that the effects of attention go beyond uncertainty reduction. For instance, significant attentional effects on spatial resolution and contrast sensitivity have been found even under conditions of negligible spatial uncertainty -a supra-threshold target, presented in isolation, followed or not by a local postmask (e.g., Carrasco et al., 2000 Carrasco et al., , 2002 Ling & Carrasco, 2006; Yeshurun & Carrasco, 1999) ; the precueing effect found with briefly presented orientation displays is greater than that predicted from the signal-detection model of spatial uncertainty (Morgan, Ward & Castet, 1998) ;
and a mere reduction in spatial uncertainty cannot account for the way in which spatial visual thresholds are influenced by the near absence of attention (Lee, Itti, Koch & Braun, 1999) .
Given that spatial uncertainty always predicts an improved performance, it could not explain the central attentional impairment elicited by a small cue reported here and in our previous studies Talgar & Carrasco, 2002; Yeshurun & Carrasco, 1998 , 2000 . Moreover, based on the spatial uncertainty reduction account one would predict a Attention, resolution and cue size -P512 20 gradually increasing effect of attention as the uncertainty is gradually reduced. However, none of the experiments showed such gradual change in performance as a function of cue size. For instance, cue size 6 indicates that the 3x3 target will appear within a 3x6 region. The degree of uncertainty associated with this cue size is greatly reduced in comparison to the noninformative cue, which indicates that the target will appear within a 3x41 region. Yet this significant reduction in spatial uncertainty did not result in any reliable performance advantage or disadvantage for cue size 6 as compared with the non-informative condition.
To conclude, systematic manipulation of the size of the attentional cue demonstrated a differential effect for the different cue sizes, but this differential effect merely reflects an attentional enhancement of spatial resolution with small cues, and no effect on resolution with large cues. That is, transient attention enhances spatial resolution at the attended location when it is attracted to that location by a small cue, but does not lower resolution when it is attracted by a large cue. Thus, transient attention cannot adapt its operation on spatial resolution based on the size of the attentional cue.
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